PIWI regulates the proliferation and maintenance of germline stem cells in diverse organisms. The full-length 3.26 kb ziwi cDNA, the zebrafish homologue of piwi of Drosophila, encodes a putative protein of 858 amino acids. ZIWI is 65% homologous with the mouse and human PIWI, but only 38 and 33% with Caenorhabditis elegans and Drosophila PIWI, respectively. In adult zebrafish, ziwi is expressed exclusively in the gonads. In embryos and fry, its expression is detectable initially during segmentation and persisted for at least 4 weeks post hatching. During neurogenesis and organogenesis, its expression was detected in the CNS and fin buds. Starting from 24 hpf and later on, ziwi transcripts were found in the genital ridge. q
Results and discussion
In Drosophila, the nucleoplasmic protein Piwi controls germline stem cell (GSC) maintenance and division (Cox et al., 1998 (Cox et al., , 2000 . piwi homologues have also been identified in Paramecium (Obara et al., 2000) , mouse and human (Cox et al., 1998; Kuramochi-Miyagawa et al., 2001) . In addition to miwi, however, the mouse expresses another miwi-like gene (mili) in primordial germ cells, although both miwi and mili are expressed exclusively in the adult testis (Kuramochi-Miyagawa et al., 2001) .
We have now identified for the first time the zebrafish homologue of piwi. The 3.26 kb full-length ziwi cDNA has an open reading frame, which encodes a putative protein of 858 amino acids, with a downstream 587-bp 3 0 untranslated region and an 18-bp poly(A 1 ) tail. Multiple alignments of Ziwi with other known Piwi show that Ziwi is most closely related to HIWI and Miwi (Fig. 1) .
Reverse transcription-polymerase chain reaction (RT-PCR) analysis of adult total RNA ( Fig. 2A) showed that ziwi was expressed exclusively in the gonads and not in the other tissues such as muscles, skin, spleen, liver, brain and kidney. Its expression in the ovary appears weaker than that in the testis. During early embryogenesis, ziwi transcripts appear soon after fertilization (Fig. 2B) , suggesting a maternal origin although they were not detectable with the less sensitive in situ hybridization at the same stage. Subsequently, it persisted for at least 21 days post-hatching in the fry (Fig. 2C ). Northern analysis with RNA of adult tissues corroborated the above RT-PCR results, showing a band corresponding to 3.2 kb (Fig. 2D) . Clearly, this pattern of ziwi expression in the adult zebrafish is markedly different from that of its homologues in the mouse and human (Qiao et al., 2002) . The mammalian homologues are specifically expressed in the adult testis and are not detectable in other tissues, including the ovary. In the mouse and human testes, miwi and hiwi expression is germline specific and is localized to the spermatocytes only Qiao et al., 2002) . Since ovaries do not contain germline stem cells (Qiao et al., 2002) , ziwi expression in adult zebrafish ovaries, albeit weaker, is therefore interesting. Yet another notable difference is the early expression of ziwi in zebrafish embryos, which is unlike that of miwi whose transcripts are not detectable in mouse embryos at up to 17 days post coitum (Deng (03)00120-5 www.elsevier.com/locate/modo Fig. 1 . Alignment of the deduced ZIWI amino acid sequence with known PIWI sequences of the C. elegans, Drosophila, human, and mouse in the GenBank. Identical residues are highlighted in black. ZIWI shows the highest sequence homology of 65% with human and mouse PIWI, but a lowly 38 and 33% with C. elegans and Drosophila PIWI, respectively. ZIWI is only 39% homologous to mouse MILI, the MIWIlike clone of mouse PIWI, which is expressed only in mouse PGCs (Kuramochi-Miyagawa et al., 2001) . The GenBank accession number of zebrafish piwi is AF336369. and Lin, 2002). The significance of these differences, however, remains unclear at this stage.
Whole-mount in situ hybridization detected the presence of ziwi transcripts at 16 h post-fertilization (hpf) mainly in, but not restricted to, the brain and the tail bud (Fig. 3A-C) . During organogenesis at 24 hpf, ziwi transcripts were detected in the CNS, including the midbrain, where ziwipositive cells were found in positions where the tissue was undergoing active morphological rearrangements, such as folds of the brain (Fig. 3D,F,H) and in the eye, including the lens and neuroretina (Fig. 3E,G) .
Similar expression pattern was detected at 36 hpf ( Fig.  3F-H ) and 48 hpf (not shown). In addition at 48 hpf, expression was detected in pectoral fins (Fig. 3I,J) . All these areas are undergoing active morphogenesis, suggesting a role of ziwi in this process. The embryonic genital ridge becomes established at 24 hpf (Yoon et al., 1997; Weidinger et al., 1999; Starz-Gaiano and Lehmann, 2001) . At this stage, ziwi expression was detectable in this area of the embryo (not shown), and was maintained for at least 2 days (Fig. 3K-M) . During this period, the number of cells in this area also increased. In addition, groups of ziwi-positive cells rearranged to become elongated along the longitudinal axis (compare Figs. 3L and M) . Interestingly, the same groups of cells also stained positive for vasa (Fig. 3N ). This suggests that ziwi is expressed in the PGCs after formation of the embryonic genital ridge. Our observations thus suggest that in zebrafish, ziwi seems to be associated with cell populations showing high proliferative capacity and/or regions undergoing morphological rearrangements.
Experimental procedures

Cloning and sequence analysis of ziwi
A partial ziwi cDNA fragment was amplified from cDNA libraries of the zebrafish testis, ovary, and embryos with degenerate PCR primers [5 0 -TA(CT)CG(AC)-GA(CT)GG(CT)GT(AG)(GA)G(AGC)GA-3 0 and 5 0 -CTT-GTG(TGA)GC(GA)TACTGGCA-3 0 ] designed from the conserved regions of known PIWI sequences of Caenorhabditis elegans, Drosophila, mouse, and human. This fragment was then used to probe the zebrafish testis and ovary cDNA libraries by the plaque hybridization method (Sambrook et al., 1989) . Multiple alignments and sequence homologies were done with the Clustal X and UPGMA methods.
Northern hybridization
Total RNA was isolated with TRIzol (Gibco-BRL, USA) for Northern analysis as described by Sambrook et al. (1989) .
Whole-mount in situ hybridization
Embryos were staged as described (Kimmel et al., 1995) for in situ hybridization as described (Dheen et al., 1999) using the digoxigenin-labeled RNA probes. The embryos were cryo-sectioned when necessary.
